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Objectives: to investigate the effect of intestinal manipulation on intestinal permeability and endotoxaemia during
elective abdominal aortic aneurysm (AAA) surgery.
Design: prospective randomised controlled study.
Patients and methods: fourteen patients undergoing elective infrarenal AAA repair were randomised into either the
transperitoneal (n=7) or extraperitoneal approach (n=7). Intestinal permeability was measured preoperatively (PO),
and at day 1 (D1) and day 3 (D3) after surgery using the lactulose/mannitol absorption test. Portal and systemic blood
samples were taken before clamping, at completion of proximal and distal anastomoses and immediately before abdominal
wound closure, for endotoxin measurement using the chromogenic limulus amoebocyte lysate assay.
Results: intestinal permeability was significantly increased at D1 (0.107±0.04 (mean±s.e.m.)) in the transperitoneal
group compared to the PO level (0.020±0.004, p<0.05) and to the extraperitoneal group at D1 (0.020±0.004, p<0.05)
which showed no change in comparison with the PO level. No correlation was seen between increased intestinal
permeability and aortic clamp time, operation time, amount of blood lost or transfused. However, a significantly higher
concentration of portal endotoxin was detected intraoperatively in the transperitoneal group of patients in comparison to
the extraperitoneal group (p<0.05). There was a significant positive correlation between portal endotoxaemia and intestinal
permeability (rs=0.955; p=0.001).
Conclusion: an increase in intestinal permeability and a greater degree of portal endotoxaemia are observed during
transperitoneal approach to the aorta. This suggests that intestinal manipulation may impair gut mucosal barrier function
and contribute to the systemic inflammatory response seen in AAA surgery.
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Introduction more frequently in patients presenting with a ruptured
aneurysm.6–9
Since the first successful abdominal aortic grafting in The pathogenesis of MODS in AAA surgery is not
fully understood and a number of theories have beenthe early 1950s,1 the incidence of abdominal aortic an-
eurysms (AAAs) and the number of surgical repairs proposed. One of these theories is that intestinal mu-
cosal barrier dysfunction may develop as a result ofperformed each year have been increasing.2 Despite ad-
vances in anaesthesia and surgical techniques, surgical ischaemia–reperfusion injury to the intestine or the
lower limbs.10–12 Factors leading to ischaemia–repair is still associated with significant morbidity and
mortality, with the latter remaining around 5% in most reperfusion injury may include small-bowel manipu-
lation, clamping and unclamping of aorta and iliacreported series.3–6 Althoughuncommon, multiple organ
dysfunction syndrome (MODS) has been recognised as vessels, hypovolaemia due to excessive blood loss or
inadequate resuscitation. Although these insults to thea major cause of morbidity and mortality.3,6–8 The actual
incidence of MODS following AAA surgery is not well intestine may be transient, they can impair intestinal
mucosal barrier function and allow translocation ofdocumentedbut probablycontributes toapproximately
25% of all deaths in elective AAA repair and occurs luminal bacterial products into the portal and systemic
circulation. This activates a systemic inflammatory
response and contributes to the development of
∗ Please address all correspondence to: L. L. Lau, Vascular Surgery MODS. Increased intestinal permeability, endo-Unit, Belfast City Hospital, Lisburn Road, Belfast BT9 7AB, Northern
Ireland. toxaemia, and the generation of cytokines, which are
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mediators of the systemic inflammatory response syn- the immediate postoperative period and later trans-
ferred to the vascular surgery unit when deemeddrome, have been demonstrated in both elective and
emergency aneurysm surgery performed via the trans- appropriate.
peritoneal route.10–14
Part of this intestinal ischaemia may be a con-
sequence of release of vasoactive agents due to in-
Blood samplingtestinal manipulation and mesenteric traction during
transperitoneal dissection to expose the aorta.15 Sig-
Blood samples were obtained from systemic and portalnificant systemic haemodynamic changes have been
circulation for endotoxin measurements. Systemicdemonstrated when the mesentery is placed under
samples were taken from a catheter inserted in thetension and this may affect splanchnic perfusion.
internal jugular vein for monitoring of central venousThe aim of this study was to investigate the effect
pressure. Portal samples were taken from an umbilicalof intestinal manipulation on endotoxaemia and in-
catheter placed in the portal vein via the inferiortestinal permeability in patients undergoing elective
mesenteric vein isolated during exposure of the aorta.AAA repair by comparing the transperitoneal with
The position of the cannula in the portal vein wasthe extraperitoneal approach.
confirmed by radiological imaging in all the patients.
Simultaneous systemic and portal samples were col-
lected (A) just before aortic cross-clamping, (B) at the
completion of the proximal anastomosis, (C) at thePatients and Methods
completion of the distal anastomosis but prior to clamp
release and (D) after clamp release just before closurePatients undergoing elective infrarenal AAA repair
of the abdominal wound. The portal catheter waswere randomised into either the transperitoneal or the
removed at the end of the operation. In addition,extraperitoneal approach following informed written
systemic blood samples were also obtained at pre-consent. Patients with a history of chronic in-
induction (PI), and at 6 h, 12 h, 24 h and 48 h afterflammatory or malignant intestinal disease and any
surgery. Blood was collected in pyrogen-free tubescondition that favoured one or the other approach were
and centrifuged at 4 °C and 2000 rpm for 10 min andexcluded from the study. This study was approved
aliquoted into sterile cryotubes (NUNC 363401, Inter-by the Research Ethics Committee of the Queen’s
med, Denmark) and stored at −80 °C until analysis.University of Belfast.
Both groups of patients were given general an-
aesthesia with propofol, fentanyl and atracurium, and
perioperative epidural analgesia using fentanyl and Endotoxin measurement
bupivacaine. Cefuroxime 1.5 g was administered pro-
phylactically at induction by intravenous injection and Endotoxin was quantified in duplicates using a modi-
70 IU/kg heparin was given intravenously prior to fied chromogenic Limulus amoebocyte lysate assay
aortic cross-clamping. In the transperitoneal approach, (Quadratech, Epsom, U.K.). Test plasma samples and
a midline incision was used and the small intestine standards were diluted 1:10 in pyrogen-free water and
was placed in a plastic gut bag and retracted to the heated to 75 °C for 10 min to remove plasma inhibitors.
right side of the abdominal wound to expose the The concentration of endotoxin in the sample was
infrarenal aorta. The plastic gut bag was only tightened taken as the average of the duplicates calculated from
to a degree that prevented protrusion but not tight a standard curve. The assay has a sensitivity of 8 pg/
enough to cause strangulation of the small intestine ml and is linear in the range 8–100 pg/ml. Each aliquot
and was only used for the duration of the aortic was assayed for endotoxin only once. If the assay gave
cross-clamping. In the extraperitoneal approach, a left poor duplicates or very high values, indicating possible
subcostal transverse incision was used and the peri- contamination, a fresh aliquot of the same sample was
toneum swept medially anterior to the left kidney. retested.
During the operation a self-retaining retractor (Omni-
Tract, Omni-Tract Surgical, Minnesota, U.S.A.) was
routinely used in both groups of patients for wound
retraction and exposure. A straight Dacron tube graft Intestinal permeability
was used in all cases. All the operations were per-
formed by two consultant vascular surgeons. The Intestinal permeability was assessed preoperatively
(PO) and at day 1 (D1) and day 3 (D3) after surgerypatients were managed in the intensive care unit for
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Table 1. Demographic data. Table 2. Operative details.
Transperitoneal Extraperitoneal pTransperitoneal Extraperitoneal p
group group (n=7) (n=7)
(n=7) (n=7)
Operating 130±4 160±40 NS
time (min)Age (yr) 73.4±2.8 67.6±4.2 NS
AAA size 68±4 67±4 NS Aortic clamp 61±3 56±4 NS
time (min)(mm)
Sex 6 M, 1 F 7 M NS Blood loss 1569±408 1365±214 NS
(ml)
Blood 685±242 514±214 NSData expressed as (mean±s.e.m.).
transfused
(ml)
Data expressed as (mean±s.e.m.).using the lactulose/mannitol differential absorption
test.16–18 This test is well validated in our department.
It is non-toxic, non-invasive, simple to perform, rel-
atively inexpensive and reproducible. It has become
accepted as a reliable method for assessing small-
intestinal permeability.
A pre-test sample of urine was collected after 6 h of
fasting for baseline urinary sugar measurement. After
the pre-test sample was obtained, patients were given
10 g of lactulose and 5 g of mannitol dissolved in
100 ml of water orally or via a nasogastric tube. Urine
was collected for 6 h, aliquoted and stored at −20 °C
until assayed. Urinary lactulose and mannitol con-
centrations were determined by an enzymatic tech-
nique.17,18 Mannitol excretion was corrected by
subtraction of baseline values determined in the pre-
Fig. 1. Intestinal permeability measured by lactulose/mannitol ex-test samples and the lactulose/mannitol excretion cretion ratio (L/M ratio). (∗) p<0.05 vs. Pre-op, (†) p<0.05 vs. Extra-
ratios (L/M ratio) were calculated. peritoneal Day 1. (Φ) Transperitoneal group; (Ε) Extraperitoneal
group.
Statistical analysis time, amount of blood lost or transfused (Table 2).
One patient died at day 2 postoperatively in the trans-
Results are expressed as mean±s.e.m. Statistical ana- peritoneal group due to severe left ventricular failure
lysis was performed using the Mann–Whitney U-test following a myocardial infarction. There were no
or Spearman’s rank-correlation coefficient (rs) where deaths in the extraperitoneal group.
appropriate with significance taken at the 5% level.
Intestinal permeability
Results
No difference was observed in the preoperative L/M
ratios in the two groups of patients (Fig. 1). The L/MFourteen patients were recruited with seven patients
randomised into each group. No significant difference ratio was significantly increased in the transperitoneal
group at D1 (0.107±0.004) compared to PO levelwas observed in the age, sex distribution or size of
aneurysm between the transperitoneal and extra- (0.020±0.004, p<0.05). This increase was also sig-
nificant compared to the D1 level in the extraperitonealperitoneal group of patients (Table 1). The total op-
erating time was longer in the extraperitoneal group group (0.020±0.004, p<0.05) which showed no increase
in the mean L/M ratio from PO (0.021±0.004). No(160±14 min) compared to the transperitoneal group
(130±4 min) even though it did not reach statistical correlation was found between the increased intestinal
permeability and aortic clamp time, duration of sur-significance. There was also no significant difference
between the two groups of patients in the aortic clamp gery, amount of blood lost or transfused.
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Fig. 2. Systemic endotoxin concentration (mean±s.e.m.). (PI) pre-induction, (A) just before aortic clamping, (B) at completion of proximal
anastomosis, (C) at completion of distal anastomosis and (D) after clamp release prior to abdominal wound closure. (∗) p<0.05 vs. PI.
(Φ) Transperitoneal group; (Ε) Extraperitoneal group.
Fig. 3. Portal endotoxin concentration during intraoperative period.
(A) just before aortic cross-clamping, (B) at completion of proximal
anastomosis, (C) at completion of distal anastomosis and (D) after
clamp release prior to abdominal wound closure. (∗) p<0.05 vs.
Extraperitoneal group. (Φ) Transperitoneal group; (Ε) Extra-
peritoneal group.
Fig. 4. Correlation between portal endotoxin concentration and
intestinal permeability measured as lactulose/mannitol excretion
ratio (L/M ratio) in the transperitoneal group (rs=0.955; p=0.001).
Endotoxin
Discussion
The systemic endotoxin concentration rose sig-
nificantly during the course of surgery but returned An increased intestinal permeability has been observed
in patients following elective and emergency infrarenalto near baseline by D2 (Fig. 2). However, only a
slight but insignificant increase in systemic endotoxin aortic aneurysm surgery.10 The pathogenesis of this
increase in intestinal permeability remains uncertain,concentration was observed in the extraperitoneal
group. Portal concentrations of endotoxin were higher with many theories having been proposed. Roumen
et al.10 suggested that reperfusion injury rather thanin the transperitoneal group at all intraoperative sam-
pling times, but reached significance only at com- ischaemia is the cause, as they found no difference in
increased permeability between patients who under-pletion of proximal anastomosis (transperitoneal=
25.66±9.11 pg/ml vs. extraperitoneal=1.66±1.66 pg/ went elective aneurysm surgery and those who pre-
sented shocked with a ruptured aneurysm. However,ml; p<0.05) (Fig. 3). A significant correlation was ob-
served between the maximum portal endotoxin con- in our study, a change of intestinal permeability was
demonstrated only in patients whose AAA was re-centration and intestinal permeability measured at D1
(rs=0.955; p=0.001) (Fig. 4). paired via the transperitoneal approach, with no
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change occurring in the extraperitoneal group. Since across the bowel wall does occur and results in endo-
toxaemia.11–14,20,21 Endotoxin is a potent stimulator ofthe two groups had similar aortic clamp time, amount
release of cytokines such as interleukin-6 and tumourof blood lost and transfused, the difference in intestinal
necrosis factor. These inflammatory mediators playpermeability cannot be explained by reperfusion injury
an important role in the pathogenesis of systemicalone. The major factor that differed between the
inflammatory response syndrome and multiple-organtwo groups of patients was the effect of the surgical
dysfunction syndrome.12,14 Endotoxaemia and gen-approach on intestinal manipulation. There was no
eration of cytokines have been demonstrated indifference in the morbidity and mortality in the two
patients undergoing elective and emergency ab-groups. This may reflect the small sample size in this
dominal aortic aneurysm surgery.11–14 These have beenstudy.
found to correlate with the degree of splanchnic hy-In the transperitoneal technique, the peritoneum is
poperfusion and organ dysfunction.13,14breached, the small intestine handled and the mes-
However, the significance of the correlation betweenentery placed under traction, while in the extra-
portal endotoxin concentration and increased in-peritoneal approach these are absent or minimised.
testinal permeability remains unclear, as endotoxaemiaThese factors, which are integral parts of the trans-
was detected mainly during the intraoperative periodperitoneal approach, may lead to the production of
but the increased intestinal permeability was observedvasoactive agents that can cause both local and systemic
only 24 h after surgery. Although it would be easy tohaemodynamic changes. Traction on the mesentery
suggest that the endotoxaemia was due to an increasemay reduce systemic vascular resistance and give rise
in bowel permeability, one may develop in-to tachycardia, a fall in mean arterial blood pressure
dependently of the other. In fact, endotoxaemia isand facial flushing within 10 min of the mesenteric in- known to reduce splanchnic blood flow and cause
sult, even before the aorta is cross-clamped.15 By using disruption of mucosal barrier function.22
an extraperitoneal approach some workers were able to Another confounding factor is the ischaemia–
prevent the development of these effects.15,19 There is reperfusion injury suffered by the lower limbs. Re-
evidence to support the role of prostaglandins in caus- vascularisation of ischaemic lower limbs may lead to
ing these haemodynamic responses even though the remote organ injury including changes in intestinal
exact mechanism leading to their generation is not fully mucosa morphology and increases in bowel per-
understood.19 meability.23 Endotoxaemia and the release of cytokines
The mucosa of the intestine and the endothelium of have been shown to follow reperfusion injury to skel-
blood vessels contain enzymes capable of synthesising etal muscles. The degree of morphological changes
prostaglandins, production of which may be initiated and endotoxaemia may be abrogated by pre-ad-
by neural, ischaemic, toxic or mechanical stimuli.15 ministration of antioxidants supporting the role played
The generation of these vasoactive prostaglandins can by free radicals in contributing to the damaging effects
therefore induce splanchnic ischaemia with sub- of ischaemia–reperfusion injury.24 As the ischaemia–
sequent disruption of mucosal integrity and increased reperfusion injury to the lower limbs is the same in
intestinal permeability. In addition, aortic cross-clamp- both groups of patients, this does not explain the
ing, excessive blood loss, inadequate fluid resuscitation results in this study. Furthermore, exposing the peri-
and ligation of the inferior mesenteric artery can also toneal cavity to the atmosphere may in itself lead to
lead to intestinal ischaemia. The development of a endotoxaemia.25
transient form of splanchnic ischaemia has been dem- The findings of this study suggest that intestinal
manipulation during the initial abdominal explorationonstrated in patients undergoing elective aortic sur-
can lead to portal endotoxaemia. This agrees with thegery.12,13 However, Cabie et al.20 suggested that
hypothesis that intestinal manipulation may impairintestinal manipulation alone may lead to the endo-
intestinal mucosal barrier function and contribute totoxaemia detected in the systemic and portal cir-
the systemic inflammatory response seen in AAA sur-culation in patients undergoing AAA surgery. The
gery. The recent introduction of endovascular andresult of the present study concurs with this sug-
laparoscopically assisted methods of aneurysm repairgestion, as endotoxin was found in portal blood in the
may also reduce intestinal mucosal dysfunction andtransperitoneal group of patients even before the aortic
merit investigation.cross-clamp was applied. This implies that mere
manipulation of the intestine and its placement in a
Acknowledgementsgut bag may have a deleterious effect on intestinal
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